Introduction
For more than two centuries forests in Europe have become increasingly shaped by a silviculture favouring pure, even-aged stands. Originally this was introduced to safeguard and restore wood production from remnants of a forest resource marked by heavy, unregulated exploitation.
In response to developments in society, in particular regarding contemporary ideas on the sustainable use of natural resources, the current trend in forestry in Europe is towards a forest management based on natural processes. The silvicultural challenge is to create and maintain forest types that favour both production and environmental targets, i.e. yielding a high and valuable production, while simultaneously encouraging natural or close-to-natural biological processes. It is believed that such forest types, as a side effect, consider recreational, cultural and amenity values better than does 'traditional' plantation-oriented silviculture.
In the temperate deciduous forest zone a more or less mixed broadleaved forest is considered the potential natural vegetation. Here, silviculture should move away from pure, even-aged stands managed under the clearcutting system with concentrated regeneration, restricted to a well-defined period and often occurring simultaneously over a relatively large area, towards a mixed, unevenaged forest with regeneration diffuse in space and time, occurring in minor forest gaps continuously throughout the rotation period. In terms of harvesting criteria this is a change from a stand level approach towards a single-tree philosophy. In time this development will lead to a forest that differs profoundly from the well known 'normal forest'.
As part of this undertaking, one of the challenges for forest research will be to deal with and synthesize findings from large-scale experiments and offer overall appraisals of management alternatives. In Denmark, such projects were initiated around 1995 (Skovsgaard et al., 1997) . So, while accurate and detailed stand descriptions remain relevant, it is becoming increasingly important to characterize forest types and silvicultural practices at an aggregate level comprising a whole forest or forest estate. In this paper a simple indicator for this purpose is proposed and discussed.
The UMF-index
As a simple indicator of silvicultural practices at the forest or forest estate level the author suggests an index that reflects and aggregates the degree to which individual stands or silvicultural entities are uneven-aged and mixed, weighted by their proportion of the total forest area. In this context a forest stand or, synonymously, a silvicultural entity is defined as a part of the forest that is treated alike and is homogeneous throughout in terms of species composition, age and size structure, and spatial arrangement.
The UMF-index: an indicator to compare silvicultural practices at the forest or forest estate level
where UMF stands for uneven-aged mixed forest, N is the total number of stands or silvicultural entities in the forest, A is the total area of the forest, a i is the area of stand no. i, ⌬t i is the range of ages (measured in years) and n i is the number of tree species present. When stand no. i is monospecific and even-aged, its contribution to the UMF-index is 0. When the range of ages and/or the number of species present in a stand is very large ('approaches infinity'), its contribution approaches 1 (times stand no. i's proportion of the total forest area).
The rationale behind the adjustment of the range of ages to number of decades rather than calendar years (the divisor 10 in the age factor) is to balance somehow variation in a stand due to age differences with variation due to the presence of several tree species. Outside the tropics, the range of ages will rarely exceed 100-150 years, and the number of tree species will rarely exceed 10-15.
In the case of a multi-storied stand with two or three distinct age groups, the age factor (⌬t i + 10)/10 should be substituted by the number of tree storeys or age groups (i.e. two or three). This ranks two-or three-storied high forest as well as regular shelterwood systems similar to forest in transition to some sort of group or single-tree selection system. Data collection to calculate UMF-estimates is quick and easy. In most cases inventory data for management planning are sufficient. Please note that the UMF-index is not intended to pass a general value judgement on silviculture. A low index value does not imply 'poor' silviculture and, likewise, a high index value does not imply 'good' silviculture. Specific forestry objectives, however, may correspond with specific index values. Table 1 shows examples of the contribution from a single forest stand or silvicultural entity to the UMF-index, depending on the range of ages (⌬t) and the number of tree species (n) present. For a single stand the UMF-function behaves like f(x,y) = 1Ϫ1/(xy) for positive values of x and y. In terms of age or species diversity very little is needed to increase the UMF-value, but only stands with many ages and species reach values close to 1. Table 2 shows some examples for whole forests managed under different silvicultural systems. Even slight modifications in silviculture towards mixed stands and continuous cover lead to higher index values, but only quite sophisticated silvicultural systems practised on a large scale reach values close to 1.
Examples

Discussion
The UMF-index is a simple indicator that may be easily improved, adjusted or rescaled to suit local needs. Six examples may serve as inspiration. 82 FORESTRY Table 1 : Examples of the contribution from a single forest stand or silvicultural entity to the UMF-index, depending on the range of ages (⌬t) and the number of tree species (n) present 
Example 1, Distribution of ages and individual species/Entry criteria
The UMF-index does not account for the distribution of ages and species in individual stands or silvicultural entities. This can be incorporated by weighting according to these for the individual stand. Due to high inventory costs this adjustment will hardly be used in practice for large forest areas, but it may serve to summarize details in the long-term development of particular stands. To circumvent the problem in practice, a lower boundary value may be set for the presence of an age group or tree species to contribute to the index value. Depending on the situation, for example, the boundary value should account for at least 5 per cent of the stem number, 15 per cent of the basal area, 10 per cent of the crown projection area, or 10 per cent of the wood volume.
Especially the role of regeneration should be THE UMF-INDEX 83 Uneven-aged, mixed forest Swiss type selection forest -0.980 managed under the single tree with five species in each selection system silvicultural entity, age ranges from 0 to 90 years considered before setting a standard for entry criteria.
Example 2, Standing volume
If silvicultural practices are believed greatly to influence the volume status of the forest, the contribution of individual stands to the index value may be weighted according to their standing volume. This is easily done by ordinary inventory data and could detect, for example, the exploitation of a selection forest for high value timber compared with a more sustainable practice that maintains a suitable volume reserve in the forest. Great care is needed when evaluating index estimates for such purposes, because they combine several factors that may have a specific separate interpretation. For example, how many low producing, but soil improving tree species in a mixed forest does it take to balance a single, highly productive tree species whose effect on the soil is undesirable in terms of sustainability?
Example 3, Age vs size classes
In an uneven-aged forest as well as in any forest in regions without a distinct growth period, it is more often than not a problem to determine the age of trees. In this case, size classes may be used instead of the decadal range of ages. The size classes could be defined, for example, as fractions of some maximum tree size, the number of fractions being balanced with the likely maximum number of tree species in a stand or silvicultural entity of the forest(s) concerned.
Example 4, More on age
In some forest types, a variation of the age problem in Example 3 may occur, namely if small, but very old trees are present together with big and equally old trees. This is for example the case with European silver fir that may survive and remain vital in a seemingly suppressed stage for a long time, even for several decades, in selection type forests or at sites where late frost or browsing by deer may repeatedly hinder the development of individual trees. In some regions the latter example is common in even-aged, young crops without shelter trees. In such situations it may be argued that this only adds to stand differentiation in terms of vertical structure, and the size class approach may be adopted.
Example 5, Exotic tree species
The current trend in Europe towards forestry practices based on natural biological processes is a revival and reinforcement of previous waves that originated in Central Europe in the late 1800s. In the course of time several 'standards' have been set for a close-to-nature or nature-oriented silviculture, but the role of exotic tree species or provenances remains debated. The general idea is that exotics may be just as suitable as autochthonous genetic material. In the light of current international initiatives in forest policy, and even in relation to the terminology referring specifically to close-to-nature relations, this may seem quite a paradox. To account specifically for (or to punish) the use of exotic tree species, their contribution to the UMF-index could be reduced to count only half, or it could count negatively. The negative solution would yield an index value close to Ϫ1 in a completely uneven-aged, mixed forest of exotic tree species. In contrast, an evenaged plantation with only monospecific stands of naturally occurring tree species would yield an index value of 0, and thus being closer-to-nature by this definition.
Example 6, Scale of perspective
The scale of resolution regarding admixtures as well as the size of silvicultural entities, may greatly influence index estimates. This was already touched upon in Example 1 regarding entry criteria, but let us look at a different type of example. Imagine a large forest consisting mainly of pure, even-aged beech, but due to site conditions with several small patches of pure, evenaged ash interspersed, say 90 ha of 100-year-old beech and, in total, 10 ha of 60-year-old ash. If each of these are considered pure, even-aged silvicultural entities the UMF-index of that forest is 0. If the forest as a whole is considered one silvicultural entity the UMF-index is 0.75. This example, like the other five, illustrates the importance of calculating index estimates according to equivalent definitions and standards when comparing different forests or forest estates.
General comments
Common to these examples, the calculation and use of the UMF-index in practice becomes increasingly complicated due to details regarding basic definitions and regarding specific aims for using the index. This stresses the need for users to consider for what purpose and at what level of detail the index should be used. Irrespective of this, it remains imperative that index estimates are calculated to the same standard for all forests that are being compared. Like most other statistical indicators, the UMF-index can never be attributed more 'objectivity' than is embedded in the basic assumptions underlying its use.
Conclusion
The proposed UMF-index is a simple indicator of silvicultural practices that is easy to use when comparing forests or forest estates, or when evaluating the long-term development in silvicultural practices in a particular forest. The advantages and the drawbacks as well as the statistical properties of the UMF-index remain to be tested more thoroughly in science as well as in forestry practice.
